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Abstract 
The article describes a suggested material flow modelling procedure for mechatronic assembly system. Procedure is focused 
on the system production quality monitoring and the production process quality.  The modelling procedure is based on Petri 
Net mathematical modelling language supported by graphical software application tool - CPNTool. CPNTool provides in 
addition to run the simulation of created model. The article presents the modelling procedure results at a real assembly 
mechatronic system application. 
The procedure offers the options to make a simulation model of an existing mechatronic assembly or manufacturing systems 
by using the mentioned software tool or there is possibility to make a simulation model from the system that is currently in 
design process whereupon designers can improve the prime design by the information obtained from the mathematical 
model simulations. 
© 2012 The Authors. Published by Elsevier Ltd. 
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Nomenclature 
PN Petri net 
CPN Coloured Petri net 
FAC Flexible assembly company 
1. Introduction 
Modelling involves observing a system, noting the various components, and then developing a representation of the 
system that will allow for further study of or experimentation on the system. 
Simulation: the process of running a (computer) model of a real system to study or conduct experiments: 
 For understanding the model or its behaviour 
 To evaluate strategies for operation of the system 
 Involves generation of an artificial history, used to draw conclusions about the real system 
*
 Corresponding author. Tel.: +421 55 6024218 
E-mail address: jan.ilkovic@tuke.sk. 
Available online at www.sciencedirect.com
© 2012 Published by Elsevier Ltd.Selection and/or peer-review under responsibility of the Branch Offi ce of Slovak Metallurgical Society at 
Faculty of Metallurgy and Faculty of Mechanical Engineering, Technical University of Košice Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
255 Ján Jadlovský and Ján Ilkovič /  Procedia Engineering  48 ( 2012 )  254 – 263 
Simulation is the imitation of the operation of a real-world process or system over time. [3] The act of simulating 
something first requires that a model be developed; this model represents the key characteristics or behaviors of the selected 
physical or abstract system or process. The model represents the system itself, whereas the simulation represents the 
operation of the system. 
Simulation as the appropriate tool: 
 Enables study and experimentation 
 Changes simulated & results observed 
 Gain knowledge of system  
 Determining importance of variables and how variables interact 
 Experiment before implementation 
 Verify analytic solutions 
 Try different capabilities (of a machine) 
 Training 
 Animation (graphics) 
 Complexity of modern systems almost require simulation  
Engineers have construction of models to investigate properties of design, before implementation, for generations. 
Designers of a manufacturing or assembly system usually look for a tool or procedure that helps him to predict behaviour of 
the designed system facilities before its constructing or before its reconstruction. It’s important mainly because of solving 
the unpredictable hazardous states of the system and its conduct. In this phase of development, the system is not constructed 
yet and sometimes it’s impossible to predict system conduct in operation.  
An experienced designer hasn’t problem to describe the draft of the future system design and he is also able to predict 
some errors and difficulty that we can expect in this system, because of his experience in past, but in this branch it is no 
exception that this new developed system is the prototype. In that case it is no possibility to predicate all possible states of 
the system just from the designer experiences, especially if the system processes operate parallel and some processes 
influence each other in various combinations.  
This paper presents a modelling procedure to create a simulation model of the assembly system in the CPNTool by using 
Coloured Petri nets. The model creating is very important process, because it has influence to the quality of analysis. 
Analytic simulations are typically used to quantitatively analyze the behaviour of manufacturing system, e.g. to identify 
bottlenecks in a factory assembly line, etc.  
Manufacturing system is a set of inputs which pass through certain processes to produce outputs or a set of related 
components which work together toward a give a goal. Components consist of objects called entities. Entities have a set of 
properties called attributes that describe them. There exist interactions called activities and or events that occur between the 
entities that cause them to change.  
2. Introduction to Petri Nets 
Petri nets, or place-transition nets, are classical models of concurrency, non-determinism, and control flow, first proposed 
by Carl Adam Petri in 1962. [1] Petri nets are bipartite graphs and provide an elegant and mathematically rigorous 
modelling framework for discrete event dynamically systems applicable to many systems. It is a promising tool for 
describing and studding information processing systems that are characterized as being concurrent, asynchronous, 
distributed, parallel, nondeterministic and/or stochastic. As a graphical tool, Petri nets can be used as a visual-
communication aid similar to flow charts, block diagrams and network. In addition, tokens are used in these nets to simulate 
the dynamic and concurrent activities of system. As a mathematical tool, it is possible to set up state equations, algebraic 
equations and other mathematical models governing the behaviour of systems. Petri nets can be used by both practitioners 
and theoreticians. Thus, they provide a powerful medium of communication between them: practitioners how to make their 
models more methodical and theoreticians can learn from practitioners how to make their models more realistic. 
Petri nets have been proposed for a very wide variety of applications. They can be applied informally to any area or 
system that can be describe graphically like flow charts and that needs some means of representing parallel or concurrent 
activities. However, careful attention must be paid to a trade off between modelling generality and analysis capability. That 
is, the more general the model, the less amenable it is to analysis. In fact, a major weakness of Petri nets is the complexity 
problem, i.e., Petri-net-based models tend to become too large for analysis even for a modest-size system. In applying Petri 
nets, it is often necessary to add special modifications or restrictions suited to the particular application. 
The successful application area is communication protocols. Promising areas of applications include modelling and 
analysis of distributed-software systems, distributed-database systems, concurrent and parallel programs, flexible 
manufacturing/industrial control systems, discrete-event systems, data-flow computing systems, compiler and operating 
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systems, formal languages and others. [2] 
2.1. Place Transition Petri nets 
A Place Transition Petri net (further Petri net) is a particular kind of directed graph, together with an initial state called 
the initial marking, M0. The underlying graph of a Petri net is a directed, weighted, bipartite graph consisting of two kinds 
of nodes, called places and transitions, where arcs are linked from a place to a transition and vice versa. In graphical 
representation, places are drawn as circles, transitions as bars or boxes and arcs as arrows (Fig. 1).  
(a) (b) 
Fig. 1. Place Transition Petri net: (a) unmarked Place Transition Petri net and (b) marked Place Transition Petri net 
Petri net makes a base construction for moving tokens at the net in the arcs direction. Tokens are represented by black 
dots that can be situated only in places. 
Arcs are marked with their weights (positive integers), where a k-weighted arc can be interpreted as the set of k parallel 
unit value arcs. Labels for unity weight are usually omitted. Arc value gives a number of tokens have to be in the input 
place which is possible to transport by this arc from the place to output transition. This transport activity is called firing. 
When the transition fires, consumes these input tokens and places tokens at the end of all output arcs - to the output place. 
The fired transition sent to the output place as much tokens, as the value of the output arc is. 
A marking (state) assigns to each place a non negative integer. If a marking assigns to place p a nonnegative integer k, we 
say that p is marked with k tokens. Pictorially, we place k black dots (tokens) in place p. A marking is denoted by M, an m-
vector, where m is the total number of places. The pth component of M, denoted by M(p), is the number of tokens in place
p. 
In modelling, using the concept of conditions and events, places represent conditions, and transitions represent events. A 
transition (an event) has a certain number of input and output places representing the pre-conditions and post-conditions of 
the event, respectively. The presence of a token in a place is interpreted as holding the truth of the condition associated with 
the place. In another interpretation, k tokens are put in a place to indicate that k data items or resources are available [2]. 
Formal definition of a Petri net is a five-tuple PN=(P,T,F,W, M0) [5], where: 
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2.2. Coloured Petri nets 
The practical use of PT-nets to describe real-world systems has clearly demonstrated a need for more powerful net types, 
to describe complex systems in a manageable way. The development of high-level Petri nets constitutes a very significant 
improvement in this respect. Coloured Petri nets (CPN) belong to the class of high-level nets [4]. A Coloured Petri net 
(CPN) is extension of the Place Transition Petri nets. CPN have got their name because they allow the use of tokens that 
carry data values and can hence be distinguished from each other – in contrast to the tokens of Petri nets, which by 
convention are drawn as black “uncoloured” dots. Today it is not at all atypical to have tokens that carry a complex data 
value, e.g. a list of many thousand records, involving fields of many different types. There is no longer any difference 
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between a colour set and a type, and no difference between a token colour and a token value. To be able to occur, a 
transition must have sufficient tokens on its input places, and these tokens must have token value that matches the arc 
expressions [6]. 
Detailed information to formal definition of CPN can be found in [6]. The main purpose of the CPN formal definition is 
to give a mathematically sound and unambiguous definition of CPN and their semantics. Any concrete net, created by 
modeller, will always be constructed in the terms of CPN diagram. 
2.3. Hierarchical Coloured Petri nets 
Another extension of the CPN (but not only CPN) is hierarchical CPN. CPN or ordinary Petri nets can be transformed to 
hierarchical PN by using of subnets in the model. It is the process of replacing certain net part by a subnet. This concept 
makes the final net more transparent. In case of use a hierarchical PN concept, the final model can be structured to the 
tabular structure and after that it could be more effectively analyzed or presented. Industrial or real applications of CPN can 
have 10 and more subnets. In practice, the CPN offer more modelling power, because it has better facilities.  
3. Flexible assembly company 
This chapter presents the real system (shown in Fig. 2), we have chosen for the data and material flow modelling. The 
mentioned real system is a mechatronic assembly line named Flexible Assembly Company (FAC) and it is managed by 
Department of Cybernetics and Artificial Intelligence at Faculty of Electrical Engineering and Informatics, Technical 
University in Košice. FAC model serves a support for research, but the important task of this model is to improve the 
teaching process quality. Therefore, the FAC was specifically designed for this purpose and this fact also influenced the 
choice of used technologies. More information about the FAC technologies and design are described in. [7] [8] 
(a)  (b)      
Fig. 2. Flexible assembly company (a) as a real system at the Department of Cybernetics and Artificial Intelligence and (b) its graphic design 
For the purpose of the article we focused on the material and data flow level, so we have to clarify the manufacturing 
process at first. 
(a)  (b)      
Fig. 3. Figure of (a) individual parts of the product in the order they are assembled and (b) the result product 
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The FMP is a assembly line, that makes the product shown in Fig.3 B. The product consists of four parts shown also in 
Fig.3 A: black metal block, bearing, plastic shaft and metal hat. Production process can by divide into the four main 
processes and also from another support processes. The main processes are marked in the Fig. 2B and we named them posts, 
numbered from one to four. There is also post 5 and post 0. Post 5 is terminal storage for final produces with triaxial 
manipulator that provides automatic storage system. All mentioned posts ensures assembling of input parts to the final 
product in cooperation with the support processes in such way that product situated on palette is moving through the 
process-posts by using the belt conveyor and the intermediate products are mounted progressively together until the product 
is completed. After these processes, the final product is stored at the post 5. 
Post number 1 (post 1) is initial post and its main task is to provide first part of the product – the block to the assembly 
process. This block falls randomly rotated to the belt conveyor and its position and rotation is detected by the camera 
system. 
Post 2 use the obtained position information about the block and moves the block in to the assembly process. Then the 
block is situated on prepare palettes by industrial robotic arm with pneumatic suctions. Now, the block is loaded on a pallet 
at the belt conveyor (post 0) and continues to another post. 
Post 3 inserts the bearing into the hole in the block. This post has a bearing serviser and also a bearing measuring station 
because there is possibility to use different sizes of bearings. The bearing size depends on the order and this post can be set 
by the actual order. 
Post 4 carries the final assembly steps, but the most difficult. This post provides the installation of plastic shaft and metal 
hats to the product are saved in the independent post servisers. Both servisers has two types of elements. Shaft serviser has 
two types of plastic shafts which differ in colour (blue and green). Hat serviser has two types of metal hats which differ in 
material (steel and aluminium). At first, the post equipment (sensors and actuator) has to choose correct plastic shaft. 
Information about which element is correct are determined by the production order. The shaft has to have correct colour and 
of course, it has to be correctly oriented because only than it can be properly mounted into the bearing. After this shaft 
selection process begins analogous selection process of correct metal hat. Hat selection approach is similar to the previous 
case. Shaft and hat can be embedded to the product after the both selection processes ended. This was the last assembly step 
of FAC and now the finalized product moves to the end store (post 5). 
4. Model design 
The Petri net is graphic-mathematical language that provides powerful tool at discrete system modelling and simulation 
as was mentioned in previous chapters. We are not going to repeat the facts about this theory, but we are going to implement 
this theory in practice system modelling and analysing. Petri net theory has very simple theoretical fundament that is 
oriented more practical that for theoretical description of system. In other words, Petri nets are oriented mainly for practical 
modelling (creating the practical model). The important fact that allows using the Petri nets in an application is that the 
system processes have to run and changed its values or states in discrete field or there’s possibility to divide the system into 
the discrete states and events. If these conditions are met, we are able to make a discrete state model of the system.  
4.1. Coloured Petri net  modelling procedure 
Before we start a model creating, we have to know the system functions and its properties: base processes and purposes, 
inputs and outputs and other system requirements. It is also important to note that there are several types of inputs and 
outputs. The production system enters from the surrounding environment the information and material and vice versa which 
all are system inputs and outputs. All these facts are important for design the simulation model. For this purpose it is useful 
to make a data flow diagram (in Fig. 4A) of verified system. Data flow diagram provides an overview of a system material 
or data flow and also summarized system inputs and outputs. 
At the next proceed step we are going to use top-down modelling approach. This modelling process will be based just on 
the created data flow diagram. As we are using the top-down approach we have to decompose the system into basic objects: 
states, events and inputs/outputs. All objects are interconnected each other by arrows that indicates the relationship between 
the objects. States are represented by ellipses and contain essential description or state tag. Activities are represented by 
rectangles tagged by the state description. The last type of the even-state objects is circle that represents system inputs or 
outputs. The arrow direction shows the direction of a material and data flow in the system. It is recommended to name 
created states and events to simplify the future analysis and the system limpidity. Now by using the previous procedure we 
have created a discrete event-state net of the system. The created net can be now rebuilt into Petri net, using the simple 
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rules: we interpret the states as places and events as transitions that are interconnected by arcs representing the material and 
data flows. It is also useful to name places and transitions according to their function like we did at discrete-event state net. 
(a)
(b) 
Fig. 4. Flexible Assembly Company basic model as a (a) data flow diagram and (b) even-state net 
This first Petri net model version is only the common preview of the system that becomes as a base for the following 
steps, but doesn’t have a potential to analyse the system behaviour yet. When we want to analyze this model and its 
properties and behaviours, it is necessary to make a more detailed system analyze and use it for a deeper model 
development. It is also necessary to make the model in a software tool that allows the simulation of created model. 
We prefer CPNTool for this purpose, because of its wide range in creation timed coloured Petri nets and of course 
simulation potentialities. CPNTool developers also provide a free licence to this product with the support for Windows, 
Linux, Mac OS. 
After that we created the base Petri net in the CPNTool environment by using the mentioned method, we have to define 
place type (STRING, INT, BOOL or a new one that is a combination of the previous) and arc variables (e.g.: var a:INT;), 
connect all system inputs and outputs represented by places to the transitions that represents a processes that process this 
information. 
4.2. Sequence implementation 
Production or assembly systems produce the products in a specific order. One production process follows by another in a 
whole production process such that the following process has to terminate just performed activity and till than it can receive 
another product/material from a previous production process and starts its processing. Therefore, the implementation of the 
events in a certain sequence is frequent system requirement. Therefore, the next important step is to modify the Petri net so 
that processes will be carried out in a defined sequence. We can reach the processes sequence in required order by adding a 
new place (auxiliary place) in a feedback branch. The auxiliary place is located between the processes we want to rank. The 
input arc of this auxiliary place goes out from the process 2 and its output arc enters into process 1. Process 2 will be 
enabled till the process 1 will be finished in proposed net configuration. Important conditions have to be fulfilled are that 
feedback place is tooled as an INT type and arcs haven’t standard variables (e.g. var a:INT;), but we use number 1 as a 
variable. This procedure saves many problems in the future modelling process. The demonstration example is shown in 
Fig.5.  
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(a)     (b) 
Fig. 5. Illustration of implementation feedback to Petri net to achieve the sequence processes performance (a) feedback in unmarked Petri net and (b) 
feedback in marked Petri net where tokens are displayed in a green marks 
4.3. Places marking process 
In a Petri net is also requirement to insert tokens into the net places before we start up the simulation of created Petri net. 
This operation is named a Petri net initialization marking. Simple demonstration marking approach where an unmarked net 
becomes to mark one is shown in Fig. 5B. The tokens in the Petri net present material/product/component flow or 
data/information flow. If we don’t mark the Petri net by tokens, the Petri net is lifeless and therefore we cannot start it and 
simulate its behaviour. In that case will be all our constructed nets default marked. 
4.4. Tokens removal 
All processes contain an actions, where an objects/material or an information/data have to be removed. This operation 
can be simulated in Petri net simply by using following procedure shown in Fig. 6. 
Fig. 6. Tokens removing process 
4.5. Selection process modelling 
Selection processes are often needful operation in manufacturing. Comparing is necessary action in a selection process. 
There are at least two objects with a parameter that is necessary to compare. We are solving process, where we have one 
object with fixed parameter and we are trying to select another one from the serviser that will optimally correspond to the 
first object parameter. Inconvenient products proceeds back to the serviser. This procedure contributes to the high quality 
production. When we tried to make a model of this high quality process, we meet with the loop problem where the selecting 
system uselessly repeats the same object parameter comparison. The worst problem was infinite looping at the compare 
processes. In the following, we are going to explain the method of solving this problem. 
We found out that it is useful to save inconvenient tokens (data or material) in a temporary buffer for a while the ongoing 
compare process is in progress and just when this process finishes the buffer can be emptied back to the serviser. This 
method may be used in sorting processes or in a case of selecting components by the desired properties. The procedure will 
be explained at an illustrative example shown in Fig. 7. The example was constructed just for demonstrative procedure 
description but is based on experience gained in developing the model FAC. The demonstration example demonstrates the 
assembly operation, where we want to assembly two components together, but these objects (product and component) have 
mutually dependent parameters. There is also possibility a component parameter is in the range, but doesn’t fulfill the 
selected product requirements. In that case it is necessary to discard the selected component and send request for another 
one. It’s adverse to trash the discarded component, despite the fact that it is not suitable for actual assembled product, it can 
be successfully used for assembling with the other product in a next compare cycle. 
The created example is divided into two sections: the main process and the auxiliary process. The task of the main 
process (highlighted material flow in Fig. 7) is to assembly a component from the auxiliary process with the product which 
comes from the state1 place. Now we focus at the example auxiliary process part (not highlighted elements in Fig. 7). The 
main task of the auxiliary process is to provide the component with correct parameters to the main assembly process. The 
components serviser is represented by a place. The serviser place type/colourset is an integer and before the simulation 
starts up it has initialized 9 tokens of different values but the same colourset (2x’0’; 3x’1’; 4x’2’). The serviser tokens 
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present the components which value presents its monitored dimension. We defined that component value/dimension has to 
be more or equals than 1. Another essential requirement is that the component value has to be less than the product value. 
When the following two conditions are met, then the assembly process can be realized. If at least one condition is not met 
the component is not suitable for the assembly process. More information is available below. 
Before an example analysis it’s important to note a CPNTool possibility to define a transition priority. At the following 
example we use three priority levels, listed from the lowest priority: P_NORMAL, P_HIGH and P_SUPERHIGH. 
P_NORMAL priority is defined for all transitions, where is not otherwise specified. Transition priorities are utilized in the 
case when two or more transitions are available to fire at same time.  
The model example showed two types of results. The first type of results was correct system runs, where all products 
were successfully completed. The assembly process disturbing was the second type of model results. The second results 
were caused by a lack of suitable components in the auxiliary process serviser. These results were caused by a special 
option of CPNTool simulation mode a tokens random selection. When the place contains more tokens (more than one) that 
fulfil the output arc variable type and also fulfil following transition conditions then the tokens are collected from the place 
in random sequence by using the automatic simulation mode. There is also possibility to realize manually token selecting 
from the token set, but there is a requirement of realizing firing transitions step by step by-hand. This type of simulation is 
useful for testing  a system limits. 
(a)  (b)   
(c) 
Fig. 7. Illustration of sorting and assembling process example in marked Petri net (a) before the simulation start up – at the beginning, (b) after the 
simulation finished because of assembly process disturbing and (c) after the simulation finished and system assembly process carried out correctly 
4.6. Hierarchy implementation 
After creating the basic model by observing the previous steps we have created a Petri net, consisting of a set of 
processes (actions/operations) and states of a system, interconnected by oriented edges (direction of material or data flow). 
When the base structure of Petri net is constructed as a directed elementary material and data flow net the construction of 
the model can proceed to next step of model  development. 
If we want to preserve the clarity of the model we can use another useful attribute of high level Petri nets – possibility of 
using the hierarchical structure. CPNTool allows moving transition to a subpage by using an easy tool that means that we 
are able to expend the transition to a subpage, where the process can be substituted up to now by transition element rolled 
out more detailed. The new subpage will be opened in a new window as a new net using all input and output places that 
were interconnected to the original transition. In this way we can create a complex Petri net which doesn’t lose its clarity. 
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There is also ability to make new subpage in the existing subpage. Gradually we are able to create a complex hierarchical 
net structure with preserving the model transparency. The implementation of hierarchy is shown in Fig.8. 
4.7. Colour implementation 
The CPNTools environment also provides wide range possibilities that we can use in the process of modelling. An 
important option is to define several types of tokens (coloured tokens) that can obtain variously values. Tokens can move 
through the network independently of each other. This option is based in the essential concept of CPN definition. CPNTool 
also support multidimensional definition of token. It means that token should contain and distribute more information which 
can be independently changed by the token moving in the Petri net. The simply sample is shown in Fig.8 in the main 
assembly process part where we join (assembly) two independently tokens into one, which inherits the properties of both 
input tokens. In that case we are able to save all options about the assembling/manufacturing process.  
The coloured tokens can be independently processed by a Petri net object operations, e.g. numerical and compare 
operations. The numerical operations can be defined as an arcs operations and compare operations can be defined in a 
transition condition. The CPNTool environment obviously provides much more decision, e.g. a transition function code 
segment, work with file etc, that allow more sophisticated options for work with tokens. We are able to use all these 
CPNTool potentialities to make an optimal Petri net that satisfying all system requirements are necessary for the analysis. 
4.8. FAC Petri net model 
The FAC modelling process is similar to the previous procedure. The resultant CPN model is shown in Fig. 8.
(a)  (b) 
Fig. 8. Illustration of FAC marked Petri net model (a) before the simulation start up – at the beginning, (b) after the simulation finished 
As you can see, the main structure of final FAC model is same like in the Fig. 4.B, but developed to more details 
following the previous procedure steps and methods. It is possibility to see the number of tokens in the places and also with 
its parameters. Input stores (green coloured places) contain tokens, which represent input material. Feedback places contain 
simple information tokens. Output serviser (brown coloured place) in Fig. 8. contains the finalized products, where the 
number of tokens signify its count with its parameters specification. The transitions represent the events/actions and if the 
action is more complex, then it is modelled as a subnet (marked as a boxed transition). In the left side of model is added an 
input Order menu, where we can change the basic production parameters by adding the tokens in to correspondent place 
(places with red contours with added description). The important place attribute is a colset. Every place has to have tooled 
this parameter. The FAC model colset list is shown in Fig. 9. 
Fig. 9. Declaration of colsets 
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The most important attribute of the CPN model created in CPNTool is the simulation ability. Simulation was the main 
reason for what we have made a CPN model. There are more opportunities for running the simulation process: manual 
stepping simulation, automatic stepping with adjustable step time or possibility to get system into the final or initial 
simulation state. As it is graphical model, there is a possibility to visually inspect the system state in any time or step. 
Simulation is useful process for the system analysis. The CPNTool allows also control the simulation process by using the 
manual stepping and so we are able to get the system into required states in order to obtain the information about the 
specific system conducting. Therefore it is useful to make a simulation model before its real construction. By using the 
simulation model we are able to modify its design without having to make expensive modifications to the existing real 
system. 
5. Conclusion  
The most important task in the simulation model creating process was to make a sufficiently true model, which would as 
closely as possible emulate the conduct of the real system. At this article, we introduce concrete tool and procedure, how to 
get a simulation model from discrete manufacturing or assembling system. There are also a lot of tutorials at the internet to 
gain a practical experience with CPNTool and the important benefit is also that this tool has a free license policy. 
The CPN simulation model created in CPNTool provides to get basic properties and information about the real system, 
e.g. deadlock, crawl loops, store or buffer capacity requirements, quality monitoring, requirements for input material, etc. 
There is possibility to add a time component to the model, by using which we can get even more system properties, as a 
production bottlenecks, make a produce time optimization by using time-optimal technological equipment, etc. 
We made the FAC model, to demonstrate the modelling procedure. We want to use this model to get more information 
about system, when we would to improve the quality of the output products. The real system model was extended and 
modified to system produce products of higher quality. From the modified simulation model we have gained requirements 
for minimal input material quality and the assembly system modifications. 
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